InTRODUCTIOn
The rise of the new specialty of "acute care surgery" has been driven by the appreciation of the special knowledge and skill set that is required to expertly manage abdominal surgical emergencies. Any adult patient presenting with acute onset abdominal pain and/or bowel obstruction should prompt a reflexive and algorithmic evaluation to rapidly narrow down the differential diagnoses. The approach to prioritizing the workup of these patients that we teach our junior surgeons is based on an ordered sequence of three questions: 1) What is life threatening? (i.e. toxic megacolon), 2) What is common? (i.e. appendicitis), and 3) What is uncommon? (i.e. gallstone ileus). In addition we emphasize the "golden rule" of the acute abdomen; any patient in extremis with an acute abdomen or peritonitis belongs in the operating room immediately. no prolonged imaging is required, and resuscitation can be done just as well in the OR as it can anywhere else in the hospital. This chapter will focus on two important items in the differential diagnosis of the acute abdomen: 1) Colonic volvulus and 2) Intussusception. Although these are not the most common causes of abdominal pain and obstruction in adults, they are both challenging and life threatening conditions that any acute care surgeon must be familiar with. The challenge in successful management of these two conditions is much more cerebral than technical; basic hands and an expert mind will usually trump a poorly considered but technically perfect approach.
DEfInITIOnS AnD EPIDEMIOLOGy
Colonic volvulus occurs when the bowel twists around its mesenteric blood supply causing obstruction and ischemic changes. The most common location of the volvulus is the sigmoid colon (60% of cases) followed by "cecal" volvulus or bascule (20-40%) (1, 2 ). It should be understood that "cecal volvulus" is something of a misnomer, as the torsion most commonly occurs in the ascending colon, superior to the ileocecal valve. A true "bascule" involves a folding of the cecum and is much less common. Although less common in the United States (U.S.), volvulus remains the third leading cause of large bowel obstruction in adults worldwide (3). This condition remains more prominent in the "volvulus belt" -a region extending along Africa, the Middle East, India and Russia (4). Affected patients in these geographic areas are commonly younger (40-50 years old) and relatively healthy. In contrast, in the U.S. and Great Britain, they are more often frail and elderly (60-80 years) and have multiple comorbidities (1). As a result, surgical management and outcomes will vary significantly by the patient population and comorbidities.
Although intussusception can occur anywhere in the GI tract, we will consider only management involving the small and large bowel. Intussusception is an invagination of the bowel into another segment that can involve the small bowel, colon, or both. The invagination can be of varying lengths, from a few centimeters to several feet. The invaginated portion is labeled as the instussusceptum and the distal re-ceiving segment of bowel is the intussuscipiens. This condition is uncommon in adults (95% occur in children) and one of the more uncommon causes (less than 1%) of acute bowel obstruction (5).
ETIOLOGy AnD PATHOPHySIOLOGy
The detailed etiology and pathophysiology of these conditions is interesting, but is of little practical concern to the surgeon in the acute setting. Volvulus is typically caused by an excessively mobile and redundant segment of colon with a stretched mesenteric pedicle. When this segment twists on its pedicle, the result can be obstruction, ischemia, and perforation. It is important to understand that "cecal" volvulus is actually due to torsion of a highly mobile ascending colon and not the cecum itself. Cecal bascule is an actual folding of the cecum on itself, and is usually associated with anterior adhesive bands across the anterior surface of the cecum. Intussusception in adults is typically the result of an anatomic lesion that alters the normal smooth peristaltic motion and serves as a "lead point" for invagination. Intussusception similarly can result in obstruction and subsequent bowel ischemia if the invaginating segment is not reduced. The most important etiologic factor to consider in adults is that some anatomic lesion is the causative agent (90%) and the majority of these (65%) are neoplasms (5). Other common causes include adenopathy, polyps, diverticuli, and trauma. Thus surgical management must consider both relief of the emergent problem and maintenance of sound oncologic principles.
PRESEnTATIOn AnD DIAGnOSIS
Clinical features of both disorders can vary from chronic dysmotility complaints and pain to acute obstruction and perforation. Most patients with sigmoid volvulus will give a chronic history of constipation and abdominal distension long before the onset of volvulus. Regrettably, the clinical manifestations for ischemic changes are inconsistent, especially in patients with mental illness or the elderly (6). Abdominal examination may show widely variable findings ranging from mild localized tenderness to diffuse peritonitis. Patients may even have a palpable colon or a visible abdominal mass. Cecal volvulus is notoriously more difficult to diagnose, as clinical symptoms can be even more non-specific and up to 15% of cecal volvulus are identified only at the time of laparotomy (3). Similar vague clinical presentation features are typically found with intussusception. Diagnosis most commonly requires radiographic or operative evaluation.
Unlike many other acute abdominal problems, plain film radiographs can often be diagnostic for both sigmoid and cecal volvulus. Plain film evaluation of a sigmoid volvulus is classically described by the "bent inner tube" or "coffee bean sign" from the dilated air-filled bowel arising from the left lower quadrant and extending towards the diaphragm and right upper quadrant ( fig. 1 ). Similar findings can be seen in cases of cecal volvulus as well (7), although volvulus in the cecal location classically demonstrates a large, gas-filled, ahaustral colon extending from the pelvis in the right lower quadrant to the left upper abdomen ( fig. 2 ). Additional installation of rectal contrast may demonstrate the "bird's beak" sign at fig. 1 . The typical x-ray appearance of acute sigmoid volvulus is characterized by a "bent inner-tube" appearance of the dilated sigmoid loop (arrow) extending to the right upper quadrant (A). In some cases the volvulized sigmoid colon (Sig) can be seen compressing a normal caliber cecum (Cec) and ascending colon (Ac) in the right abdomen (B); this makes it easier to distinguish from a cecal volvulus.
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the site of the torsion. Patients with suspected perforation or necrotic bowel should not undergo contrast studies, and the practice of attempting to reduce the volvulus via barium studies has largely fallen out of favor due to high morbidity and risk of perforation (8). Plain films are typically not as useful and are not specific for intussusception, and further studies (typically a CT scan) should be obtained. CT for volvulus is most useful when the diagnosis is in doubt or additional anatomic clarification will alter the management plan. Patients with complete obstruction or indications for operative intervention (perforation, peritonitis, signs of ischemia) do not require further imaging, and should not be given oral contrast. CT may demonstrate a "whirl sign," in which spiraled loops of collapsed bowel and mesentery are twisted around its vascular supply (fig. 3A) (9). In addition, it can identify a closed-loop obstruction or concomitant pathology that may have led to the onset of the torsion. Although ultrasound is well described for the diagnosis of intussusception, we find this less useful in the adult and would proceed to CT scan. This will usually demonstrate the pathognomonic signs of intussusception ( fig. 3B and 3C), but may be less specific if there has been ischemia and perforation. It is also important to look for evidence of neoplasm and any signs of advanced stage malignancy (peritoneal implants, liver metastases, etc.).
A key point of the preoperative evaluation for these patients, who are often elderly and debilitated, is an assessment of their current bowel function and a good rectal examination. This may make your decision making much easier, as someone who already has problems with fecal incontinence and/or poor rectal tone /control will likely be better served with an end ostomy as opposed to re-establishing bowel continuity.
InITIAL MAnAGEMEnT
Early management for both of these entities is similar, and includes a thorough history and evaluation focused on the degree of current physiologic disturbance and an operative risk assessment. Intravenous access is obtained and fluid resuscitation is begun if required. Several rapid determinations should be made which will drive the subsequent management. The first is whether the patient needs emergent operative intervention. Hemodynamic instability, peritonitis, or evidence of ischemia/perforation should prompt simultaneous resuscitation and movement to the operating room without significant delay. The next determination is whether to proceed with simple observation, an attempt at nonoperative reduction/ decompression, or surgical intervention. This decision is based on an analysis of all of the collected patient and imaging data, as well as your local capabilities. Observation only is associated with high recurrence rates for both conditions, and should only be considered in patients who are so severely debilitated that they are not candidates for intervention. Techniques for nonoperative relief of the obstruction in both volvulus and intussusception have been well described and validated, and can convert an emergent procedure in a poorly prepared patient to a semi-elective procedure in a mentally prepared and medically optimized patient. for the patient who presents acutely with either of these pathologies and does not have an absolute indication for immediate surgical intervention, we believe that these techniques should be attempted prior to surgery in nearly all circumstances. If the local resources are not available to support this approach, then a decision must be made about the relative risks and benefits of proceeding directly to surgery versus expeditious transfer to a higher-level facility.
With both cecal and sigmoid volvulus, fiberoptic endoscopy provides a plethora of information regarding the diagnosis, viability of the bowel, and the exact location of the pathology. In addition, it can be a therapeutic modality by providing mechanical detorsion of the volvulus as well as decompression of the massively dilated proximal bowel. first described by Bruusgaard in 1947 (10), decompression through endoscopy has quickly become a standard initial treatment for these patients. flexible sigmoidoscopy or full colonoscopy has replaced rigid endoscopy, and is associated with successful detorsion in up to 91% of cases of sigmoid volvulus (11) . Reported success rates for cecal volvulus are significantly lower (15-20%), so urgent surgery is more often required (12) . Endoscopy may be limited by patient tolerance and by poor visualization in the absence of the ability to perform mechanical bowel preparation. However, a full and detailed evaluation of the mucosa is not required or desired, and the procedure should focus on detorsion, decompression of the distended segment, and ruling out infarction.
The endoscope is inserted and passed under direct observation through typically normal caliber colon to the point of obstruction. This point classically appears as a termination of the lumen in a "whirl sign", with radially oriented mucosal folds converging on a central point. Care should be taken to initially minimize air insufflation and gently attempt scope passage through the twisted segment. If this is successful, the distended proximal segment should be decompressed via endoscopic suction which will often result in spontaneous detorsion. The mucosa should be assessed for the presence, location, and degree of ischemia (Table 1) . A long rectal tube may then be placed proximal to the point of obstruction and left in place for 24-72 hours (13) . Successful decompression should always be followed by an upright chest X-ray or abdominal series to rule out free air indicating an iatrogenic perforation.
Most surgeons and residents are familiar with intussusception in the pediatric population, where reduction with air or barium contrast enema is the ini- 
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C tial procedure of choice. This should almost never be done in adult patients, unless they are not surgical candidates or have a proven benign cause of the intussusception with no plan for surgical resection. Colonoscopic reduction of colocolic intussusception has been advocated by some, but is rarely successful. In addition, this should only be attempted if it is known that the etiologic process is not malignant. The majority of adult patients with intussusception should be readied for surgery without undue delay or attempts at nonoperative reduction. Decompression alone accomplishes the goals of relieving the obstruction and assessing for viability, though it is hindered by high recurrence rates of up to 70% (8, 13) . Therefore reduction of the volvulus should not be considered definitive therapy, and should be followed with surgical repair in almost all patients after adequate resuscitation and correction of metabolic derangements. In patients deemed too high risk to tolerate a surgical procedure, one must weigh the risks of recurrent volvulus with that of an operation. Bak and Boley found a mortality rate of 30% in those patients developing recurrent volvulus after not undergoing any further therapy versus only 6% in their surgical cohort (14) . Although not a controlled or randomized study, it does highlight the concerns regarding development of a recurrence, and its associated physiological changes. A successful "watch and wait" strategy has been employed with the use of repeated endoscopic decompression when recurrence develops, especially with younger and healthier patients (15) . yet this should be used with caution, and only after discussion with the patient and balancing the risks of both approaches.
OPERATIVE MAnAGEMEnT
Each of these pathologic entities has its associated "textbook" answer for what operation should be performed, but these do not take into account the wide variations in disease presentation and patient fitness for surgery. There are multiple standard and nonstandard surgical options which can be used alone or in combination, and it is critical to tailor your approach primarily to the patient and not only to the disease. We recommend a surgical approach based on the following categorizations (Table 2) : 1) Optimal -Surgical intervention on a stable patient, adequately resuscitated and medically optimized, no ischemia or perforation, medically fit for surgery with no high-risk factors.
2) Emergent -Immediate surgical intervention required due to patient instability, bowel ischemia or perforation, or refractory complete obstruction. Medically fit for surgery but typically has not had time for full resuscitation and optimization.
3) Suboptimal -Patient who requires either urgent or semi-elective surgical intervention but has severe medi-cal comorbid disease, elderly, debilitated, malnutrition, hostile abdomen or other factors which significantly alter the risk:benefit ratio in favor of considering alternative approaches.
OPTIMAL SURGICAL APPROACHES
for uncomplicated sigmoid volvulus, sigmoid resection with primary anastomosis has become the standard procedure as a result of its associated low recurrence, morbidity, and mortality rates. A prospective series of 197 cases using this approach demonstrated an anastomotic leak rate of 1%, without preoperative bowel preparation or intraoperative lavage (16) . Reported mortality rates range from 4-15%, with recurrent volvulus in approximately 5% of patients (3, 17). Anastomotic leak rates of approximately 5% have been reported, but comparative series have found that the morbidity and mortality profile with primary anastomosis is equivalent to or better than that reported with resection and colostomy only (18) . The extent of the resection should be limited to the redundant and freely mobile segment of sigmoid colon that has caused the torsion. An exception to this is in the patient with significant dilation of the remaining colon (megacolon). Recurrence rates as high as 37% with primary resection and anastomosis have been reported, and consideration should be given to performing a total abdominal colectomy with ileorectal anastomosis as a one-or two-stage procedure (19) .
On-table colonic lavage has been advocated in several series, but there has been no clear evidence of any benefit in this setting and it should be used selectively, if at all. for cecal volvulus the surgical procedure of choice should be a standard right hemicolectomy with a primary ileocolic anastomosis. A lesser resection (i.e. ileocecectomy) should be avoided as a first-line therapy since the torsion typically involves the entire right colon and not the cecum. Right hemicolectomy with primary anastomosis has been demonstrated to be safe and effective, with an overall low morbidity and mortality rate. Complications are significantly lower in comparison to surgical treatment of sigmoid volvulus, and we recommend more aggressive use of resection with anastomosis in this patient population. The recurrence rate for cecal volvulus following right hemicolectomy is less than 10%, significantly lower than seen with other less aggressive surgical proce- (20) . With either cecal or sigmoid volvulus it is frequently helpful to have a flexible endoscope available in the operating room which can be manually guided through the colon and provide internal decompression of massively distended segments prior to resection and anastomosis. for a true cecal bascule, ileocecectomy can be performed if the process is limited to the cecum and remainder of the right colon is properly fixed to the abdominal wall (21) . If it is highly mobile then right hemicolectomy should be performed. Also note that there will typically be adhesive bands across the anterior cecum at the area of volvulus that must be lysed to gain adequate exposure and mobilization. The optimal surgery for intussusception will vary depending on the disease characteristics (type and length of bowel involved, ability to reduce) as well as the underlying pathology. The chance of the lead point causing the intussusception being a malignancy is approximately 20-30% for small bowel, but up to 80% for colonic cases (22) . Therefore, a full oncologic resection should always be performed in the absence of clear evidence of benign disease, particularly for cases involving the colon. One point of controversy is whether or not to attempt manual reduction of the invaginated bowel prior to resection. Although this will return the bowel to its normal anatomy and allow full inspection, it may also result in bleeding, perforation, or tumor spillage. We recommend no attempt at reduction for most colocolic or short segment small bowel intussusceptions. In cases where a long segment of small bowel is invaginated and the external mucosa appears viable and intact, manual reduction should be attempted to reduce the extent of bowel resection required. The optimal surgical procedure would then be resection of the involved bowel segment and mesentery with at least 5-10 cm margins and primary anastomosis for small bowel lesions. for colonic involvement, an appropriate oncologic resection (right, transverse, left, or sigmoid colectomy) with primary anastomosis should be performed (23) . Preoperative mechanical bowel preparation or ontable lavage is not necessary and may actually increase complication rates (24) .
EMERGEnT SURGICAL APPROACH
Emergent surgery for any of these entities should begin and proceed with an entirely different mindset than for the semi-elective approach described above ( fig. 4 ). Safioleas et al. found a mortality rate of 5.9% following elective resection versus 40% for emergent cases (11) . Advances in surgical technique and critical care can significantly impact the mortality rates, as demonstrated in a study of 78 patients with sigmoid volvulus and necrotic changes where mortality rates declined from 65% to 15% over the past 4 decades (25) . A "damage-control" approach with prioritization of goals and attention to patient physiology should be the default, and this can be continued or altered based on operative findings and the patient response. Critical principles include: 1) Do not delay in getting to the OR. Resuscitation can be done there just as well (or better) than anywhere else in the hospital while you gain control of the potentially fatal process in the abdomen; 2) Control of spillage and removal of ischemic foci are the only absolutes that must be accomplished at this operation; and 3) Proximal diversion should be used more liberally in the emergent setting, but should be a considered choice and not a reflexive response.
It is important to base your surgical approach primarily on the patient physiology and tolerance to surgery. for the patient in extremis, characterized by one or more of sustained hypotension, metabolic acidosis, refractory hypoxia, and surgical coagulopathy, a damage control approach should be initiated. Resection of the volvulized segment should be rapidly performed with linear staplers, followed by lavage and debridement to remove gross contamination and a temporary abdominal closure. If the volvulized segment is gangrenous or clearly ischemic, then do not attempt reduction as this will often result in a reperfusion injury and worsening acidosis with hypotension. The segment should be resected in situ by stapler transection of the bowel at the proximal and distal margins of the planned resection, followed by clamp placement across the typically narrow and torsed mesentery. Similar principles apply to emergent management of intussusception; rapid stapled resection of the involved segment including the pathologic lead point with no anastomosis and a temporary abdominal closure. The patient is then returned to the OR within 24-48 hours (based on response to resuscitation) and reconstruction is performed. In the setting of resection of clearly ischemic bowel, or if you have left bowel of questionable viability in situ, then a damage control closure and return for a "second-look" laparotomy should be the default (fig. 4) .
for the emergent patient who is not in extremis, the critical surgical decision is whether to perform a primary anastomosis, perform a diverting ostomy, or a combined approach. Unfortunately, there are no proven objective criteria to drive this decision and it should be made based on the surgeon's assessment of the risk for anastomotic leak versus the morbidity of an ostomy. The traditional practice of resection with proximal end ostomy (i.e. Hartmann's procedure) for all patients with perforation or ischemia has given way to a more selective approach. Bhatnagar et al. demonstrated anastomotic leaks in 4 of 27 patients without proximal diversion versus none among those with proximal diversion (25) . Despite this, there was no statistically significant difference in mortality be- fig. 4 . Damage control laparotomy by the author for sigmoid volvulus with megacolon at a Combat Support Hospital in Iraq. A) Massively distended sigmoid colon with long mesentery being divided, B) Volvulized segment resected but megacolon dictated completion subtotal colectomy and ischemic small bowel (background) mandates resection and return for "second-look" laparotomy.
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tween those patients managed with or without a stoma, or in the subset undergoing primary anastomosis managed with or without proximal diversion. Multiple other series have demonstrated comparable outcomes with primary anastomosis versus proximal diversion. The only prospective randomized trial addressing this issue found a higher mortality in those undergoing primary anastomosis (33% vs. 12.5%), but is limited by the small sample size (n = 14) and poor cohort matching (26) . Resection with primary anastomosis is more of an accepted technique in the setting of cecal volvulus. Even with the presence of frank gangrene, resection and primary anastomosis has been found to carry lower anastomotic leak (0-9%) and mortality rates (0-23%) (12, 20, 27) . Right hemicolectomy (cecal volvulus/bascule) or ileocecectomy (select bascules) with primary anastomosis should be the default operation even in emergent patients who are not in extremis.
If the patient is felt to be at very high risk for anastomotic leak (malnutrition, steroid use, bowel edema, etc.) then resection with an end ostomy is a proven and acceptable option. However, you should also consider the associated complications and difficulty of a possible ostomy takedown procedure in the future. If you have viable and healthy ends of bowel after resection, then performing a primary anastomosis with the addition of a proximal "protective" loop colostomy or ileostomy is an excellent option. This will provide anastomotic protection and is relatively easy to reverse at a later date. Another option that has been described to "protect" these high risk anastomoses is to create a proximal side colostomy, or "blow hole", to provide decompression of fecal matter and pressure while the anastomosis heals (28) . This is then reversed with a simple local procedure in the early (2-3 weeks) postoperative period. A similar approach with the same considerations is used for emergent management of intussusception, with the exception that either an oncologic or palliative resection should be performed in the face of known or suspected malignancy.
SUBOPTIMAL SURGICAL MAnAGEMEnT APPROACHES
It is clear that surgical resection of volvulus or intussusception should be the standard approach in most cases, and is mandatory when gangrene is present. Alternatives that have been proposed are mainly variations on the theme of attempting to pexy the abnormal segment of bowel so that it does not volvulize or invaginate in the future. The main Achilles heel of these non-resectional approaches is the high recurrence rates (up to 80%), which carry an associated elevated mortality risk (14) . However, these approaches may provide excellent bail out options in the select group of patients who are at extremely high risk for any type of resection or anastomosis. The main indications for considering this approach are advanced age with physical debilitation and/or dementia, severe malnutrition, severe cardiopulmonary disease, concern for short-gut syndromes, and the presence of a hostile abdomen.
for cecal and sigmoid volvulus, there have been many attempts at performing suture pexy of the volvulizing segment to the abdominal wall and pelvic brim. Open decompression with suture pexy or other fixation techniques has a mortality of 5-11% and a recurrence rate of 30-80%, but may be a better option than resection for the extremely high risk patient or those with future life expectancy of less than 5-10 years (3, 29). Another option is fixation by placement of a colostomy tube, which can be done either by an open approach or endoscopically. A small series of 19 patients with recurrent sigmoid volvulus demonstrated 95% success rate but had a 40% occurrence of tube-related complications (30) . Results with tube cecostomy for cecal volvulus or bascule have been poor, with up to a 50% complication rate and high recurrence rates (31) . This approach has largely been abandoned for adults.
In these situations, we recommend consideration of extraperitonealization of the involved colon. This is a promising non-resectional technique that achieves secure fixation of the mobile segment of colon ( fig. 5 ) (32) . An extraperitoneal pocket in either the left (sigmoid) or right (cecal) lateral abdominal wall is created with blunt dissection. The floppy and mobile segment of colon (after decompression) is then pulled into this pocket through a postero-lateral longitudinal incision (or flap) made in the peritoneum lining the demonstrated that this technique was superior to simplex colopexy, with no mortality or recurrence among 44 patients compared to a 39% recurrence with colopexy (29) . Two other series have found no recurrence after this procedure among 99 patients at up to 14 years of follow-up (32, 33) .
for intussusception in extremely debilitated or high risk patients there are several non-standard options. In all of these, you must be reasonably assured that the etiology is not a malignancy or have determined that a palliative procedure only is indicated. Radiologic or endoscopic reduction and observation only may be performed but will have a high recurrence rate (34) . Manual reduction of the intussusception with suture pexy of the instussusceptum will avoid resection and anastomosis or ostomy, but will also have a high recurrence rate (5). finally, a limited resection of the lead point may be possible (i.e. appendix, Meckel's diverticulum) for ileocolic intussusception (35) , or a non-oncologic palliative resection with proximal diversion can be performed for colocolic intussusceptions.
MInIMALLy InVASIVE SURGERy
With the remarkable advances in minimally invasive equipment and experience, many of these patients may be amenable to a laparoscopic approach. A full discussion is beyond the scope of this chapter, but all of the surgical approaches previously described are possible using laparoscopy, including segmental or oncologic resections with primary anastomoses (36) . Laparoscopy may be particularly appealing in the patients who are at high risk of wound complications or pulmonary morbidity following a full laparotomy. In addition to performing the standard resectional treatments, laparoscopy can be used as an adjunct to achieve decompression or reduction in volvulus or intussusception cases where endoscopic or radiologic reduction has failed (37, 38) . Thus we can extend our ability to turn emergency procedures into semi-elective ones. It has also been used to perform non-resectional interventions such as suture pexy or colostomy tube placement, and avoids the pain and complications associated with a full laparotomy incision (39, 40) . In high-risk patients the extraperitonealization procedure described above is very amenable to a laparoscopic approach (41), and we have used this technique successfully in our practice.
COnCLUSIOnS
As with most abdominal surgical emergencies, the management of volvulus and intussusception involves a series of stepwise decisions and branch points that must be navigated quickly and correctly with what is often an unforgiving patient population. The fact that these conditions are relatively uncommon makes it even more critical that the acute care surgeon maintains a solid mental algorithm to avoid mistakes or omissions due to lack of experience or familiarity. Above all, this is not "one size fits all" surgery. Tailor your approach to the patient in front of you as well as the disease process, and you will maximize your chances of a successful outcome.
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